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Abstract: Oxide (SiO,)/Metal(Ag)/Oxide(SiO,, ITO, ZnO) multilayer films were fabricated using a magnetron sputtering

technique at room temperature on Si (p-type, 100) and a glass substrate. The electrical and optical properties of the

asymmetric multilayer films depended on the thickness of the mid-layer film and the type of oxide in the bottom layer.

As the metal layer becomes thicker, the sheet resistance decreases. However, the transmittance decreases when the metal

layer exceeds a threshold thickness of approximately 10~12 nm. In addition, the sheet resistance and transmittance

change according to the type of oxide in the bottom layer. If the oxide has a large resistivity, the overall sheet resistance

increases. In addition, the anti-reflection effect changes according to the refractive index of the oxide material. The

optical and electrical properties

of multilayer films were

investigated using an ultraviolet visible (UV-Vis)

spectrophotometer and a 4-point probe, respectively. The optimum structure is SiO, (30 nm)/Ag (10 nm)/ZnO (30 nm)

multilayer, with the highest FOM value of 7.7x10° Q.
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Table 1. Deposition and annealing parameters.

Sputtering parameter SiO; Ag 1TO ZnO
Power (W) 100 30 100 100
Base pressure (Torr) 3x10°
Working pressure (Torr) 3x107
Ar flow (sccm) 30
Thickness (nm) 30 6~14 30 30
R,
Oxide L AAAAAAA] Roride
Metal — \"AVNAAAA Rueta
Oxide AN Roside
Substrate

Fig. 1. Schematic diagram of Oxide/Metal/Oxide multilayer structure.
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Table 2. Optical simulation data for SiO,/Ag/(SiO,, ITO, ZnO)
multilayer thin film.

Thickness (nm) Transmittance (%)
20:10:20 59
Si0,/Ag/Si0O, 30:10:30 65
40:10:40 62
20:10:20 73
Si0,/Ag/ITO 30:10:30 84
40:10:40 80
20:10:20 76
Si0,/Ag/ZnO 30:10:30 85
40:10:40 83
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Fig. 2. Optical transmittance spectra of (a) SiO, (30 nm)/Ag/SiO, (30 nm), (b) SiO, (30 nm)/Ag/ITO (30 nm), (c) SiO, (30 nm)/Ag/ZnO
(30 nm), and (d) SiO, (30 nm)/Ag/(SiO,, ITO, ZnO) (30 nm) transmittance at 550 nm wavelength with different Ag thickness.
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Fig. 3. FE-SEM image of 6, 10, and 14 nm Ag film depositing onto ITO and ZnO (30 nm).
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Fig. 4. The sheet resistance of Oxide/Metal/Oxide multilayer structure
as a function of Ag thickness.
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